The systemic circulation of the lung has been studied in 60 patients by thoracic aortography and selective bronchial arteriography. The latter technique, first introduced by Viamonte in 1964, gives the best visualization of the bronchial arterial circulation.
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Bronchial Arteriography
The systemic circulation of the lung has been studied in 60 patients by thoracic aortography and selective bronchial arteriography. The latter technique, first introduced by Viamonte in 1964, gives the best visualization of the bronchial arterial circulation.
Although pathological circulation in tumours may be demonstrated, the technique is of limited value in diagnosis, as some malignant tumours are avascular, whilst some inflammatory lesions show hypervascularity. Involvement of the pleura and mediastinal glands may be shown in assessing operability. The possible perfusion of tumours with cytotoxic drugs has not been investigated in the present study.
The recognition of significant bronchopulmonary shunts in life has followed the introduction of selective bronchial arteriography. A study of 14 patients with severe and predominantly unilateral bronchiectasis showed dilatation and tortuosity of the bronchial artery in all instances. Precapillary bronchopulmonary anastomoses were demonstrated in 7 patients. Of these, 4 revealed a shunt of contrast material into the peripheral branches of the pulmonary arterial tree and 3 a reversal of flow up the pulmonary artery against the normal direction of the pulmonary stream.
The implications of the hwmodynamic disturbance and the possibility that a delicate balance existed between the two circulations were discussed.
Non-visualization of part of the pulmonary arterial tree on routine angiography might depend upon the position of the catheter tip at the time of injection. (Eastcott et al. 1954) . Since this description it has become widely recognized that cerebral symptoms are often due to carotid stenosis. In the past twelve years we have investigated some 300 patients by percutaneous carotid arteriography for this reason. About two-thirds of these had bilateral arteriograms. Some 25 % of the arteries investigated were occluded and 50% showed stenosis. Of those patients who had bilateral arteriograms a high proportion (about 40%) had bilateral lesions. The work of Hutchinson & Yates (1957) pointed out the importance of vertebral lesions also as a cause of cerebral symptoms. More recently intrathoracic vascular occlusions have been emphasized as a cause of reduced cerebral flow. Much publicity has been given to the syndrome of subclavian steal (Contorni 1960) .
With the realization of the importance of extracranial vascular disease as a cause of cerebral symptoms came the need to show the intrathoracic great vessels and the cervical parts of the carotids and vertebrals radiologically. Arch aortography has become the most widely accepted technique available for this. In the last five years we have investigated a large number of cases of suspected cerebral ischamia by this means and the results will be discussed in detail later. Some of the many problems raised by the concept of generalized extracranial cerebrovascular disease will first be discussed briefly.
Pathological Evidence
The association between cerebral ischmmia and extracranial arterial disease was based initially on pathological material. Thus extracranial atheroma was found to be commoner than intracranial atheroma in patients dying of cerebrovascular disease (Hutchinson & Yates 1957) . Dickinson (1961) estimated that 40-50 % of chronic cerebral ischmmia was due to extracranial atheroma. Multiple lesions were common in both these series. On the other hand, some atheroma was shown in every one of a series of 90 patients without cerebral symptoms who were examined by Martin et al. (1960) . Some narrowing was shown in 40% of a similar series of 93 autopsies reported by Schwartz & Mitchell (1961) . Thus some patients seem to be able to compensate very adequately for severe narrowing or even occlusion of at least one vessel.
Angiographic or in vivo Evidence
In the first large radiological series, DeBakey et al. (1960) reported extracranial lesions in 40% of 305 cases of cerebral ischmmia. About half the patients with lesions had multiple lesions. Similarly Meyer et al. (1960) reported extracranial lesions in two-thirds of 100 cases of brain-stem ischmmia. The lesions were evenly divided between the carotid and vertebral arteries, and multiple lesions were common. However only one-third of these patients had angiograms. Although these reports do support the pathological evidence that extracranial lesions are commonly associated with cerebral ischmmia and are often multiple, their true significance can only be determined by comparison with those of patients without cerebral symptoms. The only series in which symptomless people were examined failed to show any significant difference between the symptomatic patients and the symptom-free volunteer prisoners (Faris et al. 1963 ).
Present Investigation
The present series is a study of 330 cases of cerebral ischamia, 75% in men and 25% in women, a reflection of the higher incidence of atheroma among males. Anatomicalfeatures: In our survey the important findings were (1) Confirmation that the left vertebral arises from the arch in 5 6% of cases.
(2) Presence of an aberrant right subclavian artery in 1 2y%. Other anomalies are less signifi- The vertebral arteries are large, and the right vertebral is narrowed by osteophytes at the level of C 5/6. Incidentally there is atheroma of the origin of the left coronary artery, and of both subclavian arteries. This patient's only symptom was dizziness on extending the neck cant clinically, the most frequent being common origin of the left common carotid and innominate (19-6%). Collateral circulation: The circle of Willis is of considerable importance and relevance to this discussion. Anomalies occur in more than onethird of patients, the commonest being hypoplasia or absence of a posterior communicating artery (Alpers et al. 1959) . In our view the resulting impairment of anastomotic circulation in the presence of extracranial vascular disease has a vital effect on the clinical results. Other collateral pathways: The following alternative pathways are important and the flow in them may be in either direction: (1) Between the maxillary and the ophthalmic artery. The left subclavian artery is B, A later film in the same series, showing retrograde occluded at its origin. There is some atheromatous filling of the left vertebral artery, from which the left narrowing of the innominate artery and of the left subclavian is also filling. These appearances are typical internal carotid artery. The right vertebral is narrowed ofthe 'subclavian steal'phenomenon by osteophytes at the level ofC 5/6 Results The arteriographic findings fall into four groups: (1) Occlusion or stenosis of at least one extracranial artery, 157 cases (47 6 %). More than one artery was involved in 44% of this group. (2) Subclavian steal in 26 cases (7 9 %). (3) Atheroma of the arch and its major branches without localized stenosis or occlusion, 62 cases (18 %). (4) No extracranial lesion, 85 cases (25 7 %). The following types of lesions were demonstrated: Occlusion: Ninety-three arteries were occluded. (a) Carotid: The occlusion was nearly always at the origin of the artery, usually the internal carotid. Bilateral occlusions were seen in some cases (Fig 1) . (b) Vertebral: Occlusion was always at the origin of the artery and was unilateral. Stenosis: One hundred and seventy arteries were stenosed. (a) Carotid: 53 % of all stenoses occurred at the origin of one of the internal carotid arteries. The origin of the common carotid was affected much less often. (b) Vertebral: Stenosis was most common at the origins of the vertebral arteries. Sometimes the lesions were bilateral, and sometimes the arteries were stenosed within the vertebral canal. Vertebral deviation by osteophytes was not regarded as a lesion unless the artery was also narrowed, although it is well known that osteophytes can occlude the vertebral when the head is turned. (c) Innominate and subclavian: Stenosis of the origins of these vessels was seen in a small proportion of cases, and did not affect the direction of vertebral flow. Subclavian steal: There were 26 cases of subclavian steal, two-thirds on theleft (Fig 2) , and onethird on the right. Reversed carotid flow was shown in 2 cases of innominate occlusion. 75 % of this group had other lesions as well, which suggests that the symptoms are not always due to the subclavian steal.
Clinical Differentiation ofSubclavian Steal
The symptoms of subclavian steal resemble those of other causes of cerebrovascular insufficiency. The most important differentiating sign in all the cases so far reported is said to be inequality of the arm blood pressures (Patel & Toole 1965) . In our material sight inequality was not uncommon even in the absence of a subclavian occlusion, but the inequality tended to be greater in those with subclavian occlusion. Sometimes the inequality was quite misleading, as in the case of a 50-yearold man in whom a clinical diagnosis of left subclavian steal had been made on the strength of a lower blood pressure in the left arm. In fact an arch aortogram showed that he had a right subclavian steal, and that the lower blood pressure on the left was due to severe atheroma of the left subclavian artery. He also had a left middle cerebral occlusion. This case illustrates the difficulty of interpreting the clinical syndrome when there are multiple lesions.
Correlation ofClinical Syndromes with RadiologicalLesions
Each patient was allocated to one of three groups according to the clinical syndrome and the radiological results were compared (Table 1) , with these conclusions:
(1) Carotid insufficiency was more likely to be associated with a carotid lesion than with any other lesion. Nevertheless some cases had vertebral lesions only, while others had combined vertebral and carotid lesions or subclavian steal.
(2) Basilar insufficiency was associated with extracranial lesions in 52% of cases, the carotid being involved almost as often as the vertebral. Again, a small number of cases of subclavian steal were seen in this group.
(3) When the ischvmic lesions are widespread, there is a higher total incidence of extracranial lesions, and a higher incidence of combined carotid and vertebral lesions.
(4) 25 % of all cases had no extracranial lesion at all.
In order to understand how a carotid lesion can cause basilar ischmmia, and a vertebral lesion cause carotid ischxemia, it is necessary to consider the effects of arterial lesions on total cerebral blood flow, and the importance of collateral pathways. An occlusion will reduce the total cerebral flow, and if there is an inadequate collateral pathway, ischmemia will result. The site of the ischlmia will be influenced by the condi-tion of the intracranial arteries, in particular by abnormalities in the circle of Willis, and by intracranial atheroma. On the other hand, if a stenosis progresses slowly enough for an adequate collateral circulation to develop, symptoms will be trivial or absent. But a fall in blood pressure -or cardiac output will reduce cerebral perfusion even in these cases, and may therefore lead to ischmmia. When lesions are multiple, the symptoms are protean and the correlation between symptoms and an isolated lesion poor. Further, temporary obliteration of the carotid or vertebral by turning the head may diminish the total flow (Brain 1957).
It has been estimated that a stenosis of 90 % is necessary to reduce cerebral flow (Brice et al. 1964) . We feel that less severe stenosis is significant when the additional factors considered here are taken into account.
Thus our findings support the thesis that extracranial atheroma is common in cases of cerebral ischmmia and often affects many arteries. Nevertheless extensive disease is sometimes associated with trivial symptoms. The crucial factor in determining the severity of symptoms is the adequacy of the collateral pathways; the functional integrity of the circle of Willis is of major importance in this respect.
(A full account of this investigation will appear in Clinical Radiology.)
